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IMAGE PICKUP APPARATUS, LENS
APPARATUS, AND IMAGE PICKUP SYSTEM

TECHNICAL FIELD

The present invention relates to an image pickup apparatus,
a lens apparatus, and an image pickup system.

BACKGROUND ART

A contrast type autofocus (referred to as a “TVAF” here-
inafter) has been conventionally known and configured to
move a focus lens so that the sharpness (focus signal) of a
signal obtained from an image sensor can become maximum.
A lens interchangeable type camera system has also been
known in which an image pickup apparatus (camera body),
such as a digital still camera and a digital camera, generates a
focus signal, and a focus lens is driven in an interchangeable
lens that is attached to and detachable from the camera body.
It is necessary for the TVAF control in this lens interchange-
able type camera system to manage the generating timing of
the focus signal and the driving timing of the focus lens.

Patent Literature (“PLT”) 1 discloses a method of setting
the driving timing of the focus lens in the TVAF control in this
lens interchangeable type camera system. PLT 2 proposes a
method of transmitting a busy signal from an interchangeable
lens to a camera body when the interchangeable lens cannot
communicate or cannot execute a command from the camera
body.

CITATION LIST
Patent Literature

[PTL 1] Japanese Patent Laid-Open No. 2009-258718
[PTL 2] Japanese Patent Laid-Open No. 7-306434

SUMMARY OF INVENTION
Technical Problem

In the lens interchangeable camera system in PLT 1, each
interchangeable lens attachable to the camera body has a
different optical characteristic, and it is thus difficult to prop-
erly provide the TVAF control for all interchangeable lenses.
PLT 2 generates a busy signal having a different length for
each predetermined timing, and the control may be lost in a
variety of lens control in synchronization with a vertical syn-
chronizing signal (or its integer times) due to a lowered com-
munication speed and a random communication timing.

The present invention provides an image pickup apparatus,
a lens apparatus, and an image pickup system, in which the
lens apparatus can be properly corrected.

Solution to Problem

A lens apparatus according to the present invention is
detachable from an image pickup apparatus. The lens appa-
ratus includes a controller configured to communicate with
the image pickup apparatus in synchronization with a first
signal. The communication contains a plurality of blocks in
the same cycle of the first signal. The controller transmits
information of a first time period to the image pickup appa-
ratus, and prohibits a communication of an m-th block from
starting before the first time period passes after a communi-
cation of an n-th block starts or ends where n is an integer
equal to or larger than 1 and m is an integer larger than n.
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2

Further features and aspects of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

Advantageous Effects of Invention

The present invention can provide an image pickup appa-
ratus, a lens apparatus, and an image pickup system, in which
the lens apparatus can be properly corrected.

BRIEF DESCRIPTION OF DRAWINGS

[FIG. 1]

FIG. 1 is a block diagram of a lens interchangeable type
camera system according to first and second embodiment of
the present invention.

[FIG. 2]

FIG. 2 is a timing chart of a communication between a lens
microcomputer and a camera microcomputer illustrated in
FIG. 1 according to the first embodiment.

[FIG. 3]

FIG. 3 is a flowchart of a TVAF control illustrated in the
camera system illustrated in FIG. 1 according to the first and
second embodiments.

[FIG. 4]

FIG. 4 is a flowchart for explaining detailed controls of the
lens microcomputer and the camera microcomputer in a wob-
bling step illustrated in FIG. 3 according to the first and
second embodiments.

[FIG. 5]

FIG. 5 is atiming chart ofthe focus control according to the
first and second embodiment of the present invention.

[FIG. 6]

FIG. 6 is a timing chart of a communication between the
lens microcomputer and the camera microcomputer illus-
trated in FIG. 1 according to the second embodiment.

DESCRIPTION OF EMBODIMENTS

FIG. 1 is a block diagram of a lens interchangeable type
camera system (image pickup system or optical apparatus)
according to the present invention. The camera system
includes a lens unit (lens apparatus) 1100 and camera body
C100 (image pickup apparatus or optical apparatus). The lens
unit 100 is detachably attached to the camera body C100.

The lens unit 1100 includes an image pickup optical sys-
tem, a lens microcomputer (lens controller) L106, a zoom
actuator L107, and a focus actuator L108.

The image pickup optical system includes a plurality of
optical lens unit (optical elements), and forms an optical
image of an object. The image pickup optical system accord-
ing to this embodiment includes, in order in the incident
direction of the object image, a first fixed lens 1101, a mag-
nification varying lens [.102, a diaphragm [.103, a second
fixed lens 1.104, and a focus lens L.105. The first fixed lens
L.101 and the second fixed lens .104 are maintained station-
ary. The magnification varying lens (zoom lens) 1.102 moves
in the optical axis direction for varying a magnification. The
diaphragm [.103 adjusts a light quantity. The focus lens [.105
serves to correcting an image plane fluctuation associated
with the magnification variation, and to provide focusing. In
FIG. 1, each lens unit has only lens but actually may have one
or more lenses.

The lens microcomputer L.106 communicates with a cam-
era microcomputer C106 in the camera body C100 at a timing
suitable for an image pickup timing. Thereby, the TVAF
control becomes easier. In the TVAF, the camera body C100
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determines a driving amount of the focus lens [.105 by evalu-
ating the in-focus state of the image pickup plane for each
predetermined cycle, and instructs the lens unit 100 to drive
the focus lens L.105. An in-focus state is again evaluated at the
next timing, and a similar operation is performed but at this
time the reliability of the focus information degrades if the
lens driving timing is not synchronized.

More specifically, the camera microcomputer C106 and
the lens microcomputer [.106 performs a fixed-length packet
communication at a timing synchronized with a vertical syn-
chronizing signal (vertical synchronizing communication). A
first communication from the lens microcomputer .106 to the
camera microcomputer C106 as a first block of the packet
communication is used to transmit a position of the focus lens
L.105, an aperture value of the diaphragm [.103, a position of
the zoom lens [.102, and operating information. A second
communication from the camera microcomputer C106 to the
lens microcomputer [.106 is used as a second block of the
packet communication to transmit a focus control command
(for motor driving, etc.) such as a target defocus amount, a
result calculated based upon information received in the first
communication, etc.

The first communication and the second communication
constitute a plurality of blocks contained one each in the same
cycle of the first signal that is the vertical synchronizing
signal (VD) or its integer times, and are bidirectional com-
munications performed between the camera microcomputer
C106 and the lens microcomputer 1.106. It is sufficient that at
least two blocks exist in the same cycle in the first signal, and
the number is not limited. In this embodiment, the first com-
munication is an initial communication and the second com-
munication is the last communication in the vertical synchro-
nizing period.

The first communication and the second communication
communicate other information, such as various status infor-
mation set by a user through a button, a dial, and a switch (not
illustrated in FIG. 1), and the diaphragm and zoom driving
commands.

The lens microcomputer 1.106 includes a lens AF control-
ler L1061. The lens AF controller L1061 controls focusing in
accordance with a target position of the focus lens L.105
determined by the camera AF controller C1061. The lens AF
controller 11061 provides a zoom tracking control config-
ured to move the focus lens [.105 based upon zoom tracking
data (a zoom tracking cam) stored in the lens microcomputer
L.106 in the magnification variation. This configuration pre-
vents an image plane fluctuation (blur) associated with the
magnification variation.

The zoom actuator [.107 moves the magnification varying
lens [.102, and the focus actuator .108 moves the focus lens
L105. Each of the zoom actuator .107 and the focus actuator
L.108 includes an actuator, such as a stepping motor, a DC
motor, an oscillatory motor, and a voice coil motor.

The camera body C100 includes an image sensor C101, a
CDS/AGC/AD converter C102, a camera signal processor
C103, a display unit C104, a recorder C105, and a camera
microcomputer C106.

The image sensor C101 is a photoelectric converter, such as
a CCD sensor and a CMOS sensor, and outputs an analogue
signal by photoelectrically converting an object image. The
image sensor C101 may be provided one each for each of
three primary colors of red (R), green (G), and blue (B).

The CDS/AGC/AD converter C102 samples an output of
the image sensor C101, gain-controls and digitally converts
the sampled output.

The camera signal processor C103 performs various image
processing for an output signal from the CDS/AGC/AD con-
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verter C102, and generates an image signal. The camera sig-
nal processor C103 includes an AF signal processor (focus
signal generator) C1031. The AF signal processor C1031
generates a focus signal by extracting a high frequency com-
ponent or a brightness difference component generated from
the high frequency component in the output signal from a
pixel in an area used for a focus detection in an output signal
from all pixels derived from the image sensor C101 and the
CDS/AGC/AD converter C102. The focus signal is referred
to as a contrast evaluation value signal, and represents the
sharpness (contrast state) of an image generated based upon
the output signal from the image sensor C101. The sharpness
changes according to a focus state of the image pickup optical
system and consequently, the focus signal represents the
focus state of the image pickup optical system.

The display unit C104 displays an image signal from the
camera signal processor C103, and the recorder C105 records
an image signal from the camera signal processor C103 in a
recording medium, such as a magnetic tape, an optical disk,
and a semiconductor memory.

The camera microcomputer (image pickup apparatus con-
troller) C106 controls the focus actuator [.108 in the lens unit
L.100 based upon the output from the camera signal processor
C103, and moves the focus lens [.105 in the optical axis
direction. This operation is performed mainly by the camera
AF controller C1061 in the camera microcomputer C106. A
detailed operation of the camera AF controller C1061 will be
described later.

The camera body C100 includes a power supply unit (bat-
tery) and a power switch (not illustrated), and whether power
is supplied to each component in the camera body C100 can
be selected. The lens unit 1100 is provided with the power
from the camera body C100 through a power supply line (not
illustrated).

[First Embodiment]

FIG. 2 is a timing chart of a communication between the
lens microcomputer [.106 and the camera microcomputer
C106. In FIG. 2, “power” has an ON (high) or OFF (low) state
when a user operates a power switch (not illustrated) in the
camera body C100. “VD” represents a vertical synchronizing
signal. A “communication” represents a signal transmitted
from the lens microcomputer 106 or the camera microcom-
puter C106. A “focus actuator” represents a driving state of
the focus actuator L108.

When the power is supplied by the operation of the power
switch, the camera microcomputer 1.106 generates the VD
after a time period t21, and starts an initial communication PI
after a time period t22. The initial communication PI is a
communication initially performed after the power is turned
on or the lens unit [.100 is attached to the camera body C100.
When a bidirectional fixed-length packet communication is
performed at timings synchronized with the VD, the initial
communication PI that has a format different from that of
each of other subsequent communications is performed in a
first one cycle (1V).

Subsequent to the next cycle, a communication that
includes two blocks of the first communication P1 and the
second communication P2 is performed in the first one cycle
(1V). The time period 122 from the leading edge of the VD to
aleading edge of the initial communication PI can be set to an
arbitrary timing based upon the image signal storage timing
of the image sensor C101, but a delay time period to the VD
needs to be always constant.

The initial communication PI according to this embodi-
ment transmits at least following three pieces of information
from the lens microcomputer [.106 to the camera microcom-
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puter C106 but it is sufficient according to the present inven-
tion that at least one piece of information is contained.

First information is information of a first time period (a
standby time period within a cycle or an intra-cycle standby
time period) from a start (leading edge) or end (trailing edge)
of the first communication P1 to a start (leading edge) of the
second communication P2 within the same cycle. The first
information corresponds to a time period 123 in FIG. 2. Now
assume a plurality of blocks contained in the same cycle
include n-th (n is an integer equal to or larger than 1) and m-th
(m is an integer larger than n). Then, the lens microcomputer
106 transmits information of the intra-cycle standby time
period to the camera microcomputer C106, and maintains a
time period from the start or end of the communication of the
n-th block to the start of the communication of the m-th block
in the same cycle not to be shorter than the intra-cycle standby
time period. In other words, the communication of the m-th
block in the same cycle is prohibited from starting before the
intra-cycle standby time period passes after the communica-
tion of the n-th block starts or ends. The standby time period
is provided because it takes a time to process plural informa-
tion in each block communication (packet communication),
this is similar to another standby time period.

Second information is information of a second time period
(out-of-cycle standby time period or out-of-cycle standby
time period) from a start or end of the communication of the
last block (second communication P2) to the first communi-
cation P1 as a first block communication in the next cycle.
The second information corresponds to a time period t24 in
FIG. 2. The lens microcomputer [.106 transmits the informa-
tion of the out-of-cycle standby time period to the camera
microcomputer C106, and maintains a time period from the
start or end of the communication of the last block in one
cycle to the start of the communication of the first block in the
next cycle not to be shorter than the out-of-cycle standby time
period. In other words, the communication of the first block in
the next cycle is prohibited from starting before the out-of-
cycle standby time period passes after the communication of
the last block starts or ends in one cycle.

Third information is information of a third time period
(actuator standby time period) from a start or end of the
second communication P2 to a driving start of the focus
actuator [L108. The third information corresponds to a time
period 125 in FIG. 2. Now assume that a plurality of blocks
contained in the same cycle contain n-th block (n is an integer
equal to or larger than 1). Then, the lens microcomputer .106
transmits information of the actuator standby time period to
the camera microcomputer C106. After the communication
of the n-th block starts or ends, and before the actuator is
ready to be driven in the same cycle, the lens microcomputer
106 is prohibited from receiving a command of starting
driving the actuator. In other words, the lens microcomputer
106 is prohibited from instructing the actuator to drive
before the actuator standby time period passes after a com-
munication of an n-th block starts or ends where nis an integer
equal to or larger than 1.

In the initial communication PI, status information that is
not affected by a state, such as a communication format, a
communication speed, a corresponding function, and an indi-
vidual identification information, with which the lens unit
L.100 and the camera body C100 are compatible.

In the lens interchangeable type camera system, a comput-
ing speed and a data amount to be processed of the lens
microcomputer 1.106 are different according to a type of the
lens unit 1.100. For example, an inexpensive microcomputer
has a low computing speed because the microcomputer uti-
lizes a reduced operational clock for reducing power con-
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6

sumption. The data amount to be processed varies due to the
function of the lens unit 100, such as automatic zooming,
AF, image stabilizing, diaphragm control, ND filter control,
and built-in telecommunication control, and the precision of
each function, and a processing speed is consequently difter-
ent. In other words, among the time periods 123, t24, and 125,
the processing contents and processing time periods of the
lens microcomputer [.106 are different according to the type
of the lens unit [.100. If the camera microcomputer C106
provides a communication through a control by designating
the driving time without considering the difference of the
processing time period, etc. the control may be lost and, for
example, the actuator inaccurately moves. Accordingly, the
camera microcomputer C106 provides a communication and
a lens control by considering the intra-cycle standby time
period, the out-of-cycle standby time period, and the actuator
standby time period.

Now assume that a cycle of the VD is set to T, such as 16.67
ms. Then, a total of the first time period and the second time
period satisfies 123+t24<=T so as not to exceed the cycle of
the first signal. When this conditional expression cannot be
satisfied, the camera microcomputer C106 extends a commu-
nication period.

Referring now to FIGS. 3 to 5, a description will be given
of the focus control (TVAF control) performed by the lens
microcomputer [.106 and the camera microcomputer C106.

FIG. 3 is a flowchart of an overview of the TVAF control.
This procedure is mainly executed by the camera AF control-
ler C1061 in the camera microcomputer C106 in accordance
with a computer program. The camera microcomputer C106
(camera AF controller C1061) controls driving and a position
of'the focus lens 1105 through communications with the lens
microcomputer 1.106 (lens AF controller [.1061).

In FIG. 3, in Step 301, the camera microcomputer C106
determines whether the current TVAF mode is a wobbling
mode. If so the flow moves to the Step 302, and if not the flow
moves to Step 308.

In Step 302, the camera microcomputer C106 performs a
wobbling operation so as to wobble the focus lens 1.105 with
the predetermined amplitude, and determines whether it is
in-focused or if not determines which direction an in-focus
point exists. A detailed operation will be described with ref-
erence to FIGS. 4 and 5.

In Step 303, the camera microcomputer C106 determines
whether the focus lens [.105 reciprocates in the same area a
predetermined number of times based upon the positional
history of the focus lens 1105 as a result of the wobbling
operationin the Step 302. If so, the in-focus is determined and
the flow moves to Step 306, and if not, the in-focus has not yet
been determined and the flow moves to Step 304.

In the Step 304, the camera microcomputer C106 deter-
mines whether it has determined that the in-focus point exists
in the same direction a predetermined number of times based
upon the positional history of the focus lens 1105 as a result
of the wobbling operation in the Step 302. If so the in-focus
direction is determined and the flow moves to Step 305 for the
mountain-climbing (peak searching) mode, and if not the
in-focus direction has not yet been determined and the flow
returns to the Step 301.

In the Steps 306, the camera microcomputer C106 stores a
focus signal level at the in-focus time in a memory (not
illustrated), and the flow moves to Step 307 for the restart
determining mode. The restart determining mode is a mode
configured to determine whether wobbling is again necessary
to determine the in-focus direction (Steps 316 and 317).
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In the Step 308, the camera microcomputer C106 deter-
mines whether the current TVAF mode is a mountain-climb-
ing mode, and if so the flow moves to Step 309, and if not the
flow moves to Step 313.

In the Step 309, the camera microcomputer C106 provides
the mountain-climbing configured to drive the focus lens
L.105 at a predetermined speed in which a value of the focus
signal increases. A detailed description of the mountain-
climbing operation will be omitted.

In Step 310, the camera microcomputer C106 determines
whether the position of the focus lens [.105 (referred to as a
“peak position” hereinafter) which provides a maximum
value (a value representing the in-focus state of the image
pickup optical system) is detected according to the mountain-
climbing in the Step 309. When the peak position is detected,
the flow moves to Step 311, and if not the flow returns to the
Step 301 so as to continue the mountain-climbing mode.
When the peak position is determined in the Step 310, the
focus lens 1105 is moved to the peak position so as to execute
the in-focus determining mode (Step 315).

In the Step 311, the camera microcomputer C106 sets the
peak position to the target position of the focus lens [.105.
Then, the flow moves to Step 312 for the stopping mode.

In the Step 313, the camera microcomputer C106 deter-
mines whether the current TVAF mode is the stopping mode,
and if'so the flow moves to Step 314, and if not the flow moves
to Step 316.

In the Step 314, the camera microcomputer C106 deter-
mines whether the focus lens 1105 has returned to the peak
position. If so, the flow moves to the Step 315 for the wob-
bling mode so as to determine the in-focus, if not the flow
returns to the Step 301 so as to continue the stopping mode.

Inthe Step 316, the camera microcomputer C106 compares
the level of the current focus signal with the level of the focus
signal held in the Step 306, and determines whether the varia-
tion amount is larger than the predetermined amount. When
the variation amount is larger than the predetermined amount,
the flow moves to Step 317 for the wobbling mode so as to
determine the in-focus direction, if not the flow returns to the
Step 301 so as to continue the stopping mode.

Referring now to FIGS. 4 and 5, a description will be given
of'the flow of the control of the camera microcomputer C106
and the lens microcomputer [.106 in the Step 302 illustrated
in FIG. 3.

In FIG. 4, in Step C401, the camera microcomputer C106
determines whether the current timing for the VD of the
image accords with the predetermined timing of the commu-
nication (referred to as “lens communication” hereinafter)
with the lens microcomputer [.106. If so, the flow moves to
Step C402, and if not the flow returns to the Step C401 for
standing by. The timing of the lens communication for the VD
corresponds to the time period t22 in FIG. 2. One condition to
determine this timing contains an elapse of a time period
equal to or longer than the out-of-cycle standby time period
(equal to or longer than the time period t24) after the second
communication P2 in just one previous cycle. The camera
microcomputer C106 utilizes a time measuring unit, such as
aninternal timer or counter (not illustrated) so as to determine
the Step C401.

In the Step C402, the camera microcomputer C106 trans-
mits a communication request to the lens microcomputer
L.106 so as to start the lens communication (first communi-
cation P1).

In Step 1401, the lens microcomputer .106 determines
whether it has received the communication request transmit-
ted from the camera microcomputer C106 in the Step C402,
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and if so the flow moves to Step 1.402, and if not the flow
returns to the Step 1401 for standing by.

In the Step 1402, the lens microcomputer .106 resets the
internal timer using the start of the first communication P1 as
a trigger, and measures a delay time period from the start of
the lens communication.

In Step 1403, the lens microcomputer [.106 transmits a
reaching prediction result calculated in the previous process-
ing to the camera microcomputer C106. This communication
corresponds to the first communication P1. The content of the
reaching prediction will be described in detail later in Step
L408.

In the Step C403, the camera microcomputer C106
receives the reaching prediction result transmitted from the
lens microcomputer 1.106 in the Step 1.403 in the first com-
munication P1. In the example illustrated in FIG. 5, if the
current VD is (4), then the processing corresponds to the
timing (4) of receiving the reaching prediction.

In Step C404, the camera microcomputer C106 determines
whether the currently available focus signal is valid. In other
words, it determines whether the image signal as the source of
the focusing signal has been stored not in driving the focus
lens [.105 but in stopping the focus lens 105 at the past target
position. If it is valid, the flow moves to Step C405, and if not
the flow moves to Step C416.

In the example of FIG. 5, if the current VD is (4), the
available focus signal herein is generated from the image
signal stored with the VD(2). Since the focus lens [.105 is
stopped on the close side in the VD(2), the focus signal
generated from the image signal stored in the VD(2) is deter-
mined valid. If the current VD is (5), then the available focus
signal is generated from the image signal stored with the
VD(3). The focus signal generated from the stored image
signal with the VD(3) is determined invalid since the focus
lens L105 was moved from the infinite side to the close side in
the VD(3).

In the Step C405, the camera microcomputer C106 moves
to the Step C406 when the previous reaching prediction result
received in the Step C403 is reachable (when the information
representing that the focus lens [L105 can reach the target
position). If not (when the information representing that the
focus lens 1105 cannot reach the target position), the flow
moves to Step C418.

For example, when the information that is sent from the
lens microcomputer 1.106 at the timing of the reaching pre-
diction (4) and represents being reachable, it means that the
focus lens 1.105 can reach the target position until the electric
charge used to generate the focus signal with the VD(4) is
stored. On the other hand, when the information that is sent
from the lens microcomputer [.106 at the timing of the reach-
ing prediction (4) and represents being unreachable, it means
that the focus lens 1.105 cannot reach the target position until
the electric charge used to generate the focus signal with the
VD(4) is stored.

When the information representing being unreachable is
received in the first communication P1, the focus lens L105 is
now being driven and it is likely that a sufficient defocus
amount cannot be obtained from the next available focus
signal. In order to avoid the malfunction, it is necessary to
delay the cycle of the TVAF control. Hence, the flow moves to
Step C418 without moving forward the TVAF control (wob-
bling operation), or the TVAF control is restricted.

For example, when receiving the information representing
being unreachable at the timing of the reaching prediction (4)
(in the first communication with the VD(4)), the camera
microcomputer C106 does not transmit a driving command of
driving the focus lens 105 in the close side direction at the
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timing of the target defocus amount (6). When receiving the
information representing being reachable in the next first
communication (first communication with the VD(5)), the
camera microcomputer C106 transmits a driving command of
driving the focus lens L.105 in the close side direction in the
second communication with the same VD(5).

In Step C406, the camera microcomputer C106 determines
whether the focus lens 1105 is now stopping on the infinite
side with respect to the center position as the driving center,
and if so the flow moves to the Step C407, and if not the flow
moves to the Step C410. In the example of FIG. 5, if the
current VD is (4), it is determined that the focus lens [.105 is
stopped on the infinite side. When the current VD is (6), it is
determined that the focus lens [.105 is stopped on the close
side.

In Step C407, the camera microcomputer C106 stores the
focus signal on the close side. When the current VD is (4) in
the example of FIG. 5, the focus signal (2) is stored which was
generated from the image signal stored with the VD(2) at
which the focus lens [.105 is stopped on the close side.

In the Step C408, the camera microcomputer C106 com-
pares the level of the focus signal on the close side stored in
the Step C407 with the level of the focus signal on the infinite
side which was stored in the past in Step C410, which will be
describe later. If the level on the close side is higher, the flow
moves to Step C409, and if not the flow moves to Step C413.
When the current VD is (4) in the example of F1G. 5, the focus
signal (2) is compared with the focus signal 0 (not illustrated).

In the Step C409, the camera microcomputer C106 calcu-
lates, as a defocus amount on the image pickup plane of the
image sensor C101 (image plane center moving amount), a
moving amount in a close side direction of the center position
that is the driving center of the focus lens 1.105. This defocus
amount is set to a value within the depth of focus.

In the Step C410, the camera microcomputer C106 calcu-
lates, as a defocus amount on the image pickup plane (image
plane amplitude amount), a driving amount with respect to
the center position of the focus lens 1.105 in the close side
direction. Similar to the moving amount of the center posi-
tion, this defocus amount is set to a value within the depth of
focus.

In Step C411, the camera microcomputer C106 stores a
focus signal on the infinite side. When the current VD is (6) in
the example of FIG. 5, the focus signal (4) is stored which was
generated from an image signal stored with the VD(4) at
which the focus lens [.105 is stopped on the infinite side.

In Step C412, the camera microcomputer C106 compares
the level of the focus signal on the infinite side stored in the
Step C411 with the level of the focus signal on the close side
which was previously stored in the Step C407. If the level on
the infinite side is higher, the flow moves to Step C413, and if
not, the flow moves to Step C414. When the current VD is (6)
in the example of F1G. 5, the focus signal (4) is compared with
the focus signal (2).

In the Step C413, the camera microcomputer C106 calcu-
lates, as a defocus amount on the image pickup plane of the
image sensor C101 (image plane center moving amount), a
moving amount in an infinite side direction of the center
position that is the driving center of the focus lens [.105. This
defocus amount is set to a value within the depth of focus.

In the Step C414, the camera microcomputer C106 calcu-
lates, as a defocus amount on the image pickup plane (image
plane amplitude amount), a driving amount with respect to
the center position of the focus lens [.105 in the infinite side
direction. Similar to the moving amount of the center posi-
tion, this defocus amount is set to a value within the depth of
focus.
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In the Step C415, in order to obtain a defocus amount
(target defocus amount) calculated in the Steps C409, C410,
C413, and C414, the camera microcomputer C106 calculates
the timing used to actually start driving the focus lens [.105.

Herein, the timing (drive staring timing) used to start driv-
ing the focus lens [.105 is based upon the storage completing
timing of an image signal of the image sensor C101, and set
by considering the above actuator standby time period. In
addition, this embodiment defines this drive starting timing as
a delay time period from the start of the first communication.
However, the present invention is not limited to this embodi-
ment, and a delay time period for the vertical synchronizing
signal, a delay time period from the start of the second com-
munication, etc. may be used.

In Step C416, the camera microcomputer C106 calculates
the timing used to predict whether the above target defocus
amount is actually obtained in driving the focus lens [.105 at
the drive starting timing calculated in the Step C415. In other
words, the lens microcomputer [.L106 predicts whether the
focus lens [.105 can reach the target position corresponding to
the target defocus amount at the reaching prediction timing
that is the calculated (designated) timing.

Herein, the reaching prediction timing is set based upon the
storage starting timing of the image signal of the image sensor
C101. According to this embodiment, this reaching predic-
tion timing is defined by the delay time period from the start
of the above first communication. However, the present
invention is not limited to this embodiment, and a vertical
synchronizing signal, a delay time period from the start of the
second communication, may be defined.

In Step C417, it is determined whether the current timing
accords with the timing in the lens communication. If so, the
flow moves to Step C418, and if not the flow returns to the
Step C417 for standing by. One condition to determine this
timing includes a passage of a time period equal to or longer
than the above intra-cycle standby time period from the first
communication.

In the Step C418, the camera microcomputer C106 again
transmits a communication request to the lens unit, and starts
the lens communication (second communication). Herein,
the lens microcomputer 1106 determines whether the lens
microcomputer [106 has received the communication
request transmitted from the camera microcomputer C106 in
the Step C416, and if so the flow moves to the Step 1405, and
if not the flow returns to the Step 1404 for standing by.

In the Step C419, when the lens communication starts, the
camera microcomputer C106 transmits information of the
target defocus amount calculated in the Steps C409, C410,
C413, and C414 to the lens microcomputer [.106. The infor-
mation of the drive starting timing and the reaching prediction
timing calculated (designated) in the Steps C415 and C416
are also transmitted to the lens microcomputer [.106. If the
current VD is (4) in the example of FIG. 5, this processing
corresponds to the transmission timing of the target defocus
amount (6), the drive start timing (6), and the reaching pre-
diction timing (6). If the reaching prediction result received in
the Step C403 is being unreachable, then the camera micro-
computer C106 transmits the image plane amplitude amount
of'the value similar to that in the previous communication the
image plane center moving amount of 0 in the target defocus
amount (6).

On the other hand, in the Step L405, the lens microcom-
puter 1106 receives the target defocus amount, the drive start
timing, and the reaching prediction timing transmitted from
the camera microcomputer C106 in the Step C419.

In the Step 1.406, the lens microcomputer [.106 calculates
an actual driving amount (or target position) of the focus lens
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L.105 by considering the current focus position sensitivity so
that the target defocus amount received in the Step [.405 can
be obtained.

In the Step [.407, the lens microcomputer [.106 calculates
a driving speed of the focus lens [.105 in accordance with the
actual driving amount calculated in the Step 1.406.

In the Step 1.408, the lens microcomputer .106 provides a
reaching prediction where the focus lens [.105 is driven at the
driving speed calculated in the Step 1407 at the drive starting
timing received in the Step [.405. More specifically, it is
predicted whether the predicted driving amount of the focus
lens L.105 from the drive starting timing to the reaching
prediction timing received in the Step 1.405 reaches the actual
driving amount (target position) of the focus lens [.105 cal-
culated in the Step 1.406. Thus, the lens microcomputer [.106
predicts whether the focus lens [.105 can reach the target
position. The reaching prediction result is transmitted in the
first communication from the lens microcomputer .106 to the
camera microcomputer C106 in the next Step [.403.

In the Step 1409, the lens microcomputer [.106 refers to
the value of the internal timer reset in the Step 1402, and
determines whether the delay time period from the start of the
first communication accords with the drive starting timing
received in the Step L405. If it accords, the flow moves to the
Step [.410, and if not the flow returns to the Step [.409 for
standing by.

Herein, the drive starting timing is the timing considering a
time period (actuator standby time period) necessary for the
lens microcomputer [.106 to finish various operational pro-
cessing for realizing the Steps [.405 to [.408 and another
function other than focusing not illustrated in FIG. 4.

In the Step 1.410, the lens microcomputer [.106 sets the
actual driving amount found in the Step 1.406 and the driving
speed calculated in the Step 1.407 to the focus actuator [.108,
and actually drives the focus [.105. When the current VD is
(4) inthe example of F1G. 5, the processing corresponds to the
focus driving timing (6).

Thus, this embodiment previously informs the camera
microcomputer C106 of three types of standby time periods,
such as the intra-cycle standby time period, the out-of-cycle
standby time period, and the actuator standby time period,
necessary for the lens microcomputer [.106, and thereby pre-
vent the communication, calculation processing, and the
actuator control from being lost even with the interchange-
able lens having any characteristics.

This embodiment moves the focus lens [.105 by repeating
the restart determination, wobbling, mountain-climbing,
stopping, the wobbling, and restart determination in the
TVAF control. Thereby, a focus state can be maintained so
that the focus signal can be always maximum.

[Second Embodiment]

A description will be given of a second embodiment
according to the present invention. The configuration of the
lens interchangeable camera system according to this
embodiment is similar to that of the first embodiment (FIG.
1). The overview of the TVAF control is also similar to that of
the first embodiment (FIGS. 3 to 5). This embodiment is
different from the first embodiment in that the timings at
which the intra-cycle standby time period, the out-of-cycle
standby time period, and the actuator standby time period are
transmitted from the lens microcomputer [.106 to the camera
microcomputer C106 and the time periods are different
according to a circumstance.

FIG. 6 is a timing chart of a communication between the
lens microcomputer 1106 and the camera microcomputer
C106. A period from the leading edge of the camera power to
the initial communication PI is similar to that of FIG. 2 of the
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first embodiment. The first embodiment transmits the intra-
cycle standby time period, the out-of-cycle standby time
period, and the actuator standby time period from the micro-
computer [.106 to the camera microcomputer C106 in the
initial communication PI. This embodiment does not transmit
each standby time period to the camera microcomputer C106
in the initial communication PI. Rather, each standby time
period is sent to the camera microcomputer C106 in the first
communication P1. The camera microcomputer C106 sets the
timing of each of starting the second communication, starting
the first communication in the next cycle, and starting driving
the actuator based upon each standby time period received in
the first communication.

In FIG. 6, the camera microcomputer C106 sets a time
period t61 based upon the intra-cycle standby time period
received in the first communication. A time period t62 is set
based upon the out-of-cycle standby time period received in
the first communication.

Herein, assume that the condition of the lens unit L100 is
maintained for a while, and each standby time period trans-
mitted in the first communication has the same value for a
while. When the lens microcomputer [.106 has increased
processing, for example, due to an operation of an image
stabilization start switch (or another operation) (not illus-
trated in FIG. 1) etc., the lens microcomputer 1106 changes
each standby time period. The camera microcomputer C106
resets a time period between the first communication and the
second communication to t61 to t63, and a time period
between the second communication and the first communi-
cation to t62 to t64 based upon the changed intra-cycle
standby time period and out-of-cycle standby time period.
The actuator standby time period also changes from t65 to t66
when a time period necessary to start driving the actuator
changes as the focus control mode changes, etc.

Thus, this embodiment informs the camera microcomputer
C106 of the three types of standby time periods in the first
communication, such as the intra-cycle standby time period,
the out-of-cycle standby time period, and the actuator standby
time period, necessary for the lens microcomputer [.106, and
can set the standby time period suitable for the current state of
the interchangeable lens.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.
For example, a time period from the start of the first commu-
nication is set to the intra-cycle standby time period described
in each embodiment, a time period from the end of the first
communication or a time period from the start of the vertical
synchronizing signal may be used. A time period from the
start of the second communication is set to the out-of-cycle
standby time period but a time period from the end of the
second communication or a time period from the start of the
vertical synchronizing signal may be used. Moreover, a time
period from the start of the second communication is set to the
actuator standby time period but a time period from the end of
the second communication, a time period from the start orend
of'the first communication, or a time period from the start of
the vertical synchronizing signal may be used.

The present invention is not limited to each embodiment in
which there are two communication blocks in the same cycle
and one actuator necessary to set the standby time period. For
example, when the camera body provides time-consuming
processing for a detection, such as detecting of an image
stabilization vector, a third communication block (three com-
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munication) is provided after the second communication, and
the vector information may be transmitted from the camera
body to the interchangeable lens in that timing. When the
camera body controls an image stabilization lens, it is neces-
sary for the camera body to provide the actuator standby time
period for the image stabilization actuator so as to provide the
drive starting timing may be provided. The number may be
increased if necessary.

The embodiments of the present invention cover software

(computer program) used to realize a function of each 1

embodiment or a system used to supply the software to the
image pickup apparatus or lens apparatus including a com-
puter directly from a recording medium or through wire or
radio transmissions so as to run the program.

This application claims the benefit of Japanese Patent
Application No. 2012-110234, filed on May 14, 2012, which
is hereby incorporated by reference herein in its entirety.
[Industrial Applicability]

The present invention is applicable to a lens interchange-
able type camera system, an exchange lens, and a camera
body.

Reference Signs List

L.100 lens unit (lens apparatus)

C100 camera body (image pickup apparatus)

L.106 lens microcomputer (lens controller)

C106 camera microcomputer (image pickup apparatus con-
troller)

The invention claimed is:

1. A lens apparatus detachable from an image pickup appa-
ratus, the lens apparatus comprising a controller configured to
communicate with the image pickup apparatus in synchroni-
zation with a synchronizing signal,

wherein a communication between the lens apparatus and

the image pickup apparatus is a packet communication
haying a plurality of blocks in a cycle of the synchroniz-
ing signal,

wherein the controller transmits information of predeter-

mined time stored in the lens apparatus to the image
pickup apparatus, and

wherein the information of the predetermined time is infor-

mation to prohibit, before the predetermined time passes
after a communication of an n-th block in a specific cycle
of the synchronizing signal starts or ends, a communi-
cation of an m-th block which is performed after the
communication of the n-th block in the specific cycle
from starting.

2. The lens apparatus according to claim 1, wherein the
controller transmits the information of the predetermined
time to the image pickup apparatus in an initial communica-
tion that is performed prior to the packet communication.

3. The lens apparatus according to claim 1, wherein the
controller transmits the information of the predetermined
time to the image pickup apparatus in a communication of a
first block in the specific cycle of the synchronizing signal.

4. An image pickup apparatus from which a lens apparatus
is detachable, the image pickup apparatus comprising a con-
troller configured to communicate with the lens apparatus in
synchronization with a synchronizing signal,

wherein a communication between the image pickup appa-

ratus and the lens apparatus is a packet communication
having a plurality of blocks in a cycle of the synchroniz-
ing signal, and

wherein the controller receives information of predeter-

mined time stored in the lens apparatus from the lens
apparatus, and starts, after the predetermined time
passes after a communication of an n-th block in a spe-
cific cycle of the synchronizing signal starts or ends, a
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communication of an m-th block which is performed
after the communication of the n-th block in the specific
cycle.
5. An image pickup apparatus from which a lens apparatus
5 is detachable, the image pickup apparatus comprising a con-
troller configured to communicate with the lens apparatus in
synchronization with a synchronizing signal,
wherein a communication between the image pickup appa-
ratus and the lens apparatus is a packet communication
having a plurality of blocks in a cycle of the synchroniz-
ing signal,
wherein the controller receives information of a first time
period and a second time period stored in the lens appa-
ratus from the lens apparatus, and starts, after the first
time period passes after a communication of an n-th
block in a specific cycle of the synchronizing signal
starts or ends, a communication of an m-th block which
is performed after the communication of the n-th block
in the specific cycle, and
wherein the controller starts, after the second time period
passes after the communication of a last block in the
specific cycle starts or ends, a communication of a first
block in a next cycle to the specific cycle, and adjusts the
cycle ofthe synchronizing signal so as to maintain a total
of the first time period and the second time period to be
equal to or smaller than the cycle of the synchronizing
signal.
6. An image pickup system comprising a lens apparatus,
and an image pickup apparatus from which the lens apparatus
is detachable,
wherein the lens apparatus comprising a lens controller
configured to communicate with the image pickup appa-
ratus in synchronization with a synchronizing signal,

wherein the image pickup apparatus comprising an image
pickup apparatus controller configured to communicate
with the lens controller in synchronization with the syn-
chronizing signal,

wherein a communication between the lens apparatus and

the image pickup apparatus is a packet communication
having a plurality of blocks in a cycle of the synchroniz-
ing signal,

wherein the lens controller transmits information of pre-

determined time stored in the lens apparatus to the image
pickup apparatus controller, and

wherein the image pickup apparatus controller starts, after

the predetermined time passes after a communication of
an n-th block in a specific cycle of the synchronizing
signal starts or ends, a communication of an m-th block
which is performed after the communication of the n-th
block in the specific cycle.

7. An image pickup system comprising a lens apparatus,
and an image pickup apparatus from which the lens apparatus
55 is detachable,
wherein the lens apparatus comprising a lens controller

configured to communicate with the image pickup appa-

ratus in synchronization with a synchronizing signal,
and an actuator,

wherein the image pickup apparatus comprising an image
pickup apparatus controller configured to communicate
with the lens controller in synchronization with the syn-
chronizing signal,

wherein a communication between the lens apparatus and
the image pickup apparatus is a packet communication
having a plurality of blocks in a cycle of the synchroniz-
ing signal,
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wherein the lens controller transmits information of a first
time period and a second time period stored in the lens
apparatus to the image pickup apparatus controller,

wherein the image pickup apparatus controller starts, after
the first time period passes after a communication ofan 5
n-th block in a specific cycle of the synchronizing signal
starts or ends, a communication of an m-th block which
is performed after the communication of the n-th block
in the specific cycle, and

wherein the image pickup apparatus controller starts, after 10
the second time period passes after the communication
of a last block in the specific cycle starts or ends, a
communication of a first block in a next cycle to the
specific cycle, and adjusts the cycle of the synchronizing
signal so as to maintain a total of the first time period and 15
the second time period to be equal to or smaller than the
cycle of the synchronizing signal.
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